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INFORMATION PREPARED FOR __High Voltage Bushing En 


FOR USE OF G-E EMPLOYEES ONLY 
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TECHNICAL INFORMATION SERIES 


Title Page 
AUTHOR SUBJECT CLASSIFICATION NO; 
1,Bushings(Electrical) ,Type UY S9PTIAD 
L.J. Wiesztort, 2. Bushings, Power PATE = 
a | 9~25=59 


WET AND DRY IMPULSE, LONG FRONT, AND SIXTY CYCLE 
TESTS ON A 2050 BIL TYPE U BUSHING. is 
ABSTRACT 


A series of tests were performed to determine the 
corona and flashover characteristics as well as 

the internal strength of the bushing both with 

and without the line: terminal shield. Also the 
effect of various dome configurations upon external 
corona and flashover were investigated. 


Gerice.... =~ (REPRODUCIBLE COPY FILED ss INO PAGES 

| IV m [TECHNICAL DOCUMENTS 

GOV. CLASS ned wie) 
none ipypustielea): Mawes! ferecet |xsoctl 

CONCLUSION 


The bushing passed all required tests. 
See Table VII.of the report for the 
“condensed results. 


By cutting out this rectangle and folding on the center line, the above information can be fitted 
into a standard card file. 


For list of contents-drawings, photos, etc. and for distribution see reverse side. 


High Voltage Laborato Personnel — : 


COUNTERSIGNED HE. Fiezel YJ. C= | SECTION __ High Volta e Laboratory 
BUILDING and ROOM No. _ #9 = 102 _ LOCATION _ Pittsfield, Mass. i 


Tests Completed: hel ~59 
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WET AND DRY IMPULSE, LONG FRONT, AND SIXTY CYCLE 
, TESTS ON A 2050. BIL TYPE U Bucne : 


NO, PAGES Teyp 12 8) 42 A oh ae Aah. Be os. ws Se | 
NOChants =. | EL 472, BB 931, oo. 10-bh, 56.7 
: DB 935; PPe 88-93 4 

DRAWING NOS, 2 DB 945, pp» 64-65, 8),~8! 
“3uan52-62 | DB pe yee tk, aed 


oe opyEcr: 
Engr. Memo: JAVL-3011-6 


| Tests were made to deveraine if the pushing oui pass. at. tests re- 
: quired for the 2050 BIL @lass. Flashover and corona characteristics were 

Reports: HVD-59~6 also desired for various dome configurations. 
DESCRIPTION OF TEST PIECE: ght 2 te ohamosctany ; 


\ 
One 2050 kv BIL Type U iseohdncien vesistiie, PL 3420318-C1, SN 1466573 

was tested both with and without the line terminal shield and with various ( 

dome configurations. Drawing 3,1D318-GL shows the assembly of the bushing ; 

| and PL 123389 presents photos of the two dome _ attachments used and their 

dimen ston se 


PL 121888 _ 


‘The first model of this bushing failed audine impulse pattie. on a 205 - 
_° BIL coil stack. The results of those tests are covered in a letter to 
: P.V. Shade on June 6, 1958. The failure was by SEeeReeye? the inside 
surface of the bottom porcelain to ground. | : 
| 


He DISTRIBUTION - 


_Com lete Re orts . 


Title Sheets | 


Wi | Fo 
rn Dany bre (0) vitilan Sianiay Tibrary = (6) gopice | OSES | 
neering laboratory, Schenectady - _ note Data Prenat ig General mate | ‘With the exception of the srébiatnaéy sixty~cycle withstand and P.F. and 
(2) copies of Class I, II and III (6) wee Sratoide Schenectady Al capacitance checks on the bushing the tests were randomly spaced mainly to 
reports and mt copy of ee IV sae . accomodate other tests that needed this high voltage bushing as a part of | | 
reports | : : 7 . | the test setup. This enabled the completion of some tests on other equipment , 
: i such as a 2050 BIL coil, if the bushing happened to fail. In Tables I thru ; 
L. Wetherill / ho APR2 ci PAM ao VI, under the remarks column , are listed tests that were made using the 4 
JR Meador/ 1 eo apa) : : Abetti : : 9-206 bushing as part of other test setups. | : 
AF Rohlfs — o shoe _ NE Dillow | 16-307 | | : 
ie HV Laboratory eee ae 7 ooK oP Epemneuse 9-202 i The test subbee listed in these tables gives the test sequence thus 
22 vohnston 51-101 , ig maieea dl! 43-568 enabling cross correlation with the bushing's codition at all times as | 
PV Shade | | 51-101 iv Ee, 16~3E given by the power factor and capacitance readings in Table I. All power ! 
JG Anderson 9-205 | VB sii 9~203 factor and capacitance checks were made with the bushing mounted in the | 
HE Fiegel 9-102 te a aan | CANADIAN GE. , GUELPH same location of the test area - that is on top and in the center of tank 1. 
one | | He ee | HUDSON FALLS Where the test connection is not given in the table, the bushing flange 
: JA vant 2 16-200 was ungrounded, the capacitance tap was shorted and neater were taken 
oa aes — 51-103 | between the bushing core tube and flange. 
IF Volkmer ROME | 
ig oe . 931, Visual corona start and stop tests were nade with the test area com 
FL nest Z | 42-322 pletely darkened. Corona start was the voltage at which corona was first 
iit VucLedoisie 43-382 seen with the aid of binoculars while slowly raising the voltage. Corona : : 
ie Piece. i a 9-102 stop was the level where this corona disappeared while slowly lowering the | } | 
Tle a , 9-102 voltage. Note that. concentration was on one critical area at a time and sel | 
RB Raut an (: | 21-101 corona may have occurred at another critical point unnoticed but had been | | 
: ges |) 16-3E picked up on a preceding run. | | 


Madey enan copies, where needed, c 


ieee batericia. an be obtained from the William Stanley © 
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Sixty cycle tests were made by slowly raising the voltage to the desired 


withstand level or, in the case of flashover tests, to the flashover voltage. 


With the exception of the one minute dry withstand, the 10 second wet withstanc 


and the 15 and 5 minute buhble runs, the withstand times were for random 
lengths depending on time for photos, special measurements, tests on other 
test pieces, etc. ETON « 2 ears TPE | 


All impulse (2 x 47 psec. wave) and long front (150x350 sec) tests _ 
were made on the basis of five applications per level unless the tests were 
a part of another test setup such as the steep front, chopped, and full — 
waves as shown in test 5. The critical withstand and flashover voltages 
are based on five impulses per level, |. iw baie hte Ae bet 


Wet tests were performed in accordance with AIEE Standard No. 29. ee 
for wet testing. However trouble was encountered when placing the rain | 
spray close enough to give sufficient precipitation. This accounted for 


the numerous flashovers to the rain spray as noted in-the tables. 
RESULTS: : | bie. : “ae 


Power Factor and Capacitance: 


The removal of ~ 
34h and 40) resulted in a decided 


These results show no indication of bushing damage. 
the bushing line terminal shield (tests 
power factor increase. . 


ona _ Start and Sto 


Table II indicates that the top dome edge is the critical point, _ | 
giving a visual corona start of 262 kv. Using the five ring dome attachment 
resulted in improving the corona start to 835 kv. Wet tests gave a corona 
start of 235 kv with t 
ing. Test report HVD-59-16 presents the. results of glow corona start tests 
on the upper porcelain. mre ast be ere at cote : en ee 


Wet and Dry Sixty Cycle Withstand Tests: 


Table III pregents the complete sixty cycle withstand results excluding 
_ everything under 800 kv with the exception of test 2 which includes a 7 
preliminary bubble run. Many hours of test time were accumilated in the 


_ 400 to 500 kv range and is not reported, 

The table shows the maximum 10 sec. wet withstand to be 915 kv and a 
Maximum dry withstand of 1145 kv. This dry withstand was only obtainable 
by using a bird cage dome to eliminate positive streamer formation. 


Wet Sixt 6 cle Flashover Teste: 


Table IV gives these results. They show that most of the arc paths 
were to the rain spray, etc. rather than over the top porcelain. Since it 
is difficult to use them as a comparison to flashovers of other bushings 
they were not taken into consideration in the average flashovers given 

in the summary table and are included here merely to show to what voltages 
the bushing could be carried. The tests indicated that removal of the 


L 
Hl 
i 
h 
; 
Y 


the corona located about 1/h of the distance up the ashi 


polarity critical withstands are at least 1840 dry or wet. 


| tests. 


PIETIAS oes 


7 | | a 2 ofl x r f % ltages 9 but that 
: rinal shield did not influence the flashover vo ) : 
ar, cant and bird cage dome configuration did improve the flashover 


voltages slightly. ie 
Long Front Tests: by Cecedarrett giv bas: 19 | 
| : 14 in * ? ney are the results _ 
The long front results are listed in Table Vo They are ae ee | 
ee nc ce kataing evi tical T1aabevere based on five voltage applications 


, lashove especially on positive polarity) 
ser level. The many extraneous flashovers (especially on Sols dah. 
es casos with nie procedure. Generally it can be said that the negative 


The positive ~~ 
polarity wet and dry critical flashovers are about 1,30 kv. 

The rensyal of the line terminal shield appeared to have no influence 
on the flashover voltages with this type of wave. 


Impulse Tests: 


Negative polarity impulse tests were limited to 2610 a vido 
chopped waves of 2900 kv were applied to the bushing during ae « Aa 8 
2050 BIL coil stack. The critical withstand and fiamover value: Ash 
polarity were 2220 and 2260 kv respectively. Wet impulse tes : ape — 
to the bushing were limited to 2120 kv on positive polarity an . , 
negative polarity. 3 | 2 


Miscellaneous Radio Noise Data: 
Radio noise tests were made on the bushing in connection with other 


Also the bird cage dome was tested separately. All tests were made 
in accordance with NEMA specifications. ; 3 


“Listed below are the radio noise test results using a Stoddart NM20B Radio 
Noise Meter? _ b Aree 

(Mi. cro-volts) 
bird cage* 


600 
1000 
2000 
2500 
2720 
3000 
3000 
3500. 


Radio Noise 
Bushing 
30 


Test Kv 


160 
(2iy 
268 
bys 
385 
4,28 
ATL 
500 


35 
35 


*Spitting or arcing did not occur at any time. 
a a result of the steady glow on each piano WLTeo 
corona start on the bird cage was 140 kv. 


The radio noise 
Visual 
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‘Power Factor’ and Capacitance Checks .on .2050. 
: BIL Bu hi 
With a We Line Terminal Shield a ms 


sixty-cycle Wet- and Dry O6r ond: Start and. stop Voltages 
On a 2050 BIL Bushing With Line Remmi aal Shield 
and Various Dome Config uration 


=) | —"Femarks 
ppt) : < ee eeremepepenpen = : 3 5 3 


total time approx. 1 hr. Dry | Unaltered 2h. bers eett top 
causing heating of the : eee ae 


bushing. 

A repeat of the preceding 

“4 pi with additional | eae 

heating. : ry |Unaltered 25 | 537 6 98: 25 ee 
‘ 7 , |. dome edge only ~ 


| Unaltered | | 4S . 1 25 |Observabion of dome 
. : | | gauge only. 


|| A repeat of the 100 kv.test.. | _ | i | 
_to check on heating z affect. __h3 Leet | tenlbeved : bees ee a Onn, | Observation of top 


-|dome edge only. 
Unaltered | ..- | es | 485 | 71 Observation of dome 
. e 7 gauge only. 
Unaltered a 85 85, 971 ‘Gbservation of 
| Leip lower dome edge only. 


Reading taken at cape tap to , ae 5 ‘ : af lag Lp aQSO| a , 
: 254 |Dry |5 rings(see PL123389}| 835 : , 51 | Observation of rings 
etal PRaAe and. ADBRES : a bi . | only. Corona started 
ed; on top ringe 


Unaltered pe 2 ae 7}. Observation of 

ie porcelain only. 
Corona starts about 
1/, of the distance 
up porcelain on waer . 
drops. 


"Voltages corrected for relative hae density (kv/ $)- Values listed were minimum 


Terminal shie ee was. Temovec Voltages observed. 


for this and test 35. and 40. 


‘Note: See HVD~59-6 for ian of results of glow corona start on the upper 
porcelain during dry sixty~cycle ola 


Bush. core gnd. | 

Bush. core connected Reading 

| to cape tape taken as 
paises J capo tap 
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pee 


Sixty-Cycle Withstand Tests on @ 2050 BIL Bushing 


Tentative Required Withatands: 


Dry = 1050 kv 
Wet = 865 kv 


and |Bushing Dome 


Unaltered 


Unaltered Dig 865 | 890 


Unaltered 


|With "Bird Cage" | 
on PL 121888, 


15 sec. 
7 sec. | 


20 SEC. I 


PQs 


10 sec. 


"(5)800 ~~ 


(Cont "do). | 


wn 


With and Without Line Terminal Shield and With Various Dome Configurations 


Flashover 


Wet requir 


TABLE Til (Cont'd) 


rhe following tests were on the same saantng with the line ‘terminal 


Dry | With “Bird Cage! 


Dry . 
Ne Bees 60 
fT) i 
tf a 
80 tt 
i8 0 
88 if 
ad st 
10 ae 
i tt 
a8 it 
ie a0 
io st 
ti 4 
fe tt 
tt at 


“SO mins 
1 min. 


L min. 


35 seco 


L min. 


$e Bae A 


4 


59PTL,5 
Paes] oun 


Remarks 


shield removed. 


‘| Bushing used 
entrance for 
other tests 
under oil. 


as 


5OPTL,5 
Page 8. 


Wet. Sixty Cycle Flashover Tests .on. & 2050 | BIL Bush 
Terminal Shield and With Var fous Dome Confi 


Line 


5 ring dome 


28 Unaltered 1000 


see PL 123389 | 995 


TABLE IV 


F,0. 


‘| F.O. 
i F..0, 
F.0,. 


¥; 0. 


F.0. 
F, Oo. 


F oo : 
F.0. 


over porcelain (o.k.p, 


to 


ix g With .. and Without 
urations 


rain 
rain 
rain 
tank 


rain. 


tank 
edge 
edge 


spray 6 Wet 1760 


Page Do : 
TABLE vy | 


| Long Front, Je sta an a 2050 BIL, Bu shing With and Without 
Line Terminal Shield ane. With Unaltered Dome. Confi nivabion.- + 


OT i i lee is SA ass os a ei 


spray | 
spra | ‘ 
sind 0999 = Neg. N Maze. neg. ppl. eet applied 


top (o.k.) | 1760 - | “  |funder wet condition. 


spray ¢ «| Wet. 
top (ooke) 1270. 
ef tank top 1250 
of tank top «1235 


#- out extraneous | flashovers. 
Approx. CFO = *1130 kvo 


4 
of te ee 
= 


Pos. Max» pos. pol. kv tested with-| 


995 : a 2 F,0, down porcelain (o.k.)03 =| Dry (5) 181,0 1.00 0275 | Neg. |.Max. voltage applied 
=? "| Foo to tank top (ook.) | 3 : | tire 


960. Af sig F.O. to tank edge bd Dry 


29 With “bira cage” He 

see PL 123389 __ (5) 1840 
(6)1360 
(5) 14,00 


id tt. | Pos. Critical with stand 
"| (3)F.0.'s at >200 rg 
oe F.Q. ' > 11,00. kv, F. a 
wide of porcelain ; 


(6)1360° 0 : 
(5) 1,00 . f 


[fhe following tests were on the same bushing with the line terminal shield removed, 


38 Unaltered 955 970 2986 F.0. down porcelain (ook. 
955 AS GO | | | FO. to edge of tank top he fol Owing tests: were on the 
965 980 a F.0. to edge of tank top bved. 
935 950 | “ | FO. te edge of tank top e | | 
979 | 990 | ™ | FoC. down porcelain (oka | Wet W325" | * SEBGR fe PTR oo) be 


same bushing but with the line terminal shield re- 


Fos. |(Critical withstand. 
? [Approx CFO = 10. kv. 


SSE 


Max. voltage applied for 


) this conditio cn 


*Voltages corrected for relative air density (kv/§)._ > | Wet 5) 1500 | 297ho Lhded | Neg. | 


(3)1420 | (3)1455 2976 | 035 : 
teu | (5)1500 " * “ 


ie 3) Batis Aah opt v A : ie ie sat 9 
|) G50) RUSS Cease amr eee) NB Se See asia ot rik a am Mier | ale 
L J - Fae - ‘ ? y ¥ 


| = All F.0.'s were at times 


ica yee than ae veer baa 


Pos. i (1) FW at sdok: Hevel: 


Corrected for relative air density (kv/§ ). 


SR Seat tity 
etsy A 
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21 


The following tests were on the same bushing but with the 


moved. 


— 


42 


(5) 1990. 
(5) 24,50 
| (5) 2040 


(6) 2570 


(5) 2040 
(5) 2505 
(5) 2090 
(6) 2640 


TABLE VI 


ee My My a eeity 


Remarks _ 


Bushing used as ent 
bushing for coil. te; 


Coil failure 
2976 |038 


ea 


For this test the bushing was used to obtain bushing air strike datas A 
total of 9S positive and negative impulse of between 1905 and 1950 ky were 
applied with flashovers occurring to a vertical ground at times greater than 


LD psec on 15 of the waves. 


A total of 19 positive and negative waves of 


2020 kv were also applied with three flashovers to a vertical groud at 


times greater than 15 psec. 
| (71985 
| (6) 2045 

(6) 2065 


FW. 


FW. 


F. Wo 


Fo Wo 


F.O. 


F, Wo 


(5) 2085 


(3) 2145 
(1) 2145 


(72015 


(6) 2080 


-(6)2100 


(5) 2120 


(3) 2180 
(1) 2180 


(1) 2280... 


bE 


° 985 | 028 e Pos : 


12 ps 


rs 


: (Cont "do ) 


ine terminal shield re-| 


F.W. 
F, Wo 
F. Wo 
‘Fo Wo 


: F ° Wo 
FiWo | 


kv-crest | 


(5)2185 


(1) 2200 
(1)2200° 
(1) 2200 
(2) 2200 


-(1)2290° 
| (1) 2290 


(1) 2290 
(1) 2290 


(2)2290 


Llowing are wet 


(10) 1985 
(7) 2045 
(6) 2065 
(6) 21.00 
(9)1985 


ieee 


| kv-crest | (y 


(5) 2220 


(1) 2235 
(1) 2235 
(1) 2235 
(2) 2235 


| (1) 2320 


(1) 2320 
(1) 2320 
(1) 2320 


(1) 2320 
testso 


(10) 2000, 
(7) 2060 


(6) 2080 


(6) 2120 
(9)2000 | 
| (6)2060 | 


Were edked for relative air density (kv/& )o 


Ur -t-:) eka 


985] .28 | Pos. 


0 992| oh2 | Pos. 
Bes : 8 oh 


io 
1 


a 


rater ie so 


: Neg. 
RA 


59PT,S 
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. , : : Remar ‘ee | ; a 


These tests gave a 
erit. Woes. of *2220 kv 


and a C.F.0. of 
“*2260 kvo 


Corona streamers and 


glow at center of 
porcelain for 
many waves. 
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TABLE VII 


Summary of Results 


f. 
U 


} 
/ 


—_ 


External Corona Start and Stop 


HVD- 


9 ~ 
PL 121888 


Start Kv (rms) Stop Ky (rms) Corona Area : | 

Saar a 4 

Wet 239 206 porcelain is 

Dry 262 252... top dome edge 2 
Sixty Cycle Withstand and Flashover Results ee 
} ea 
Kv (rms) Remarks ace 
Sorimecmesttom oe om meee EES a OS 
SAS 
Wet 10 sec. withstand &90 Max, attempted | Bei 

Max. dry 1 min. wos. with bird cage dome 1145 Other attempts resulted in ae 

| FLO. in 5-15 secs, ae 
Wet 60 cycle F.0. unaltered dome 970 Ave. of 3 F.0, rs 
Wet 60 cycle F.0. with bird cage 985 Ave, of 3 F.0, = 
Wet 60 cycle F.0. with 3 ring dome 1040 Ave. of 2 F.0, a 
Wet 60 cycle F.0. unaltered dome. Terminal 980 Ave. of 2 F.0. = 
shield removed, A 
FS 
Long Front Res its = 
= 
oligo Withstand Crit. F.0. | bas : 
Type Test (kv-crest) (kv~crest) Remarks A 
Max. Neg. Wet 1835 -- did not go to higher voltage| c 
Max, Neg. Dry 1840 —- did not go to higher voltage| > 
Pos. Dry 1360 714,00 | 3 
Pos. Wet 1255 1430 2 
| With Terminal Shield Removed a 


Pos. Wet 1360 Lb dyO 
Max. Neg. Wet 1540 ~~ did not go to higher voltage 

Pos. Dry £1460 714,60 all F,0. om tail of wave 

: Impulse Results 7 

Max. Chopped Waves 2900 ~~ 
Max. Full Waves (Neg. ) 2570 o 
| Pos. Dry 2220 2260 
Max. Pos. Wet  PAT20: | =~ 
Max. Neg. Wet. —>2060 —— 
Note: All voltages corrected to standard conditions of air density. 


‘ passed e.k. 
passed ©oK. 
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FIGURE 1 
Five Ring Dome Configuration 
3 middle rings: 


47 outside diameter 
4-1/2" tube | 


Top and bottom ring: 


4Oot outside diameter 
3-1/2" tube 


30" diameter hemisphere was 
placed on top of the dome 


FIGURE 2 
Bird Cage Configuration 
Cage diameter = 47" 
Spacing between strands 


of piano wire = 2-1/2" 
to 2-3/4". 


PHOTOS OF DOME CONFIGURATIONS 


PL-12 3389 
CLASS - IV 
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